WO 00/58502 




USE OF COLLAGENASE 3 FOR DETECTING DESTRUCTIVE DISEASES OF 
THE JOINTS, ESPECIALLY FOR PROGNOSING THE PROGRESSION OF 
THE DISEASE AND THE GENETIC PREDISPOSITION FOR RHEUMATOID 

ARTHRITIS 




. D es cription - 

The invention relates to the use of collagenase 3 for detecting destructive joint diseases, 
especially as a prognostic marker for the clinical course of rheumatoid arthritis (RA) 
and its genetic predisposition. 

RA is a chronically inflammatory disease, predominantly of the joints. The aetiology of 
the disease as well as relevant pathogenetic mechanisms have remained unknown up to 
the present. With it being a chronic disease, patients are affected by it for years or 
decades. The clinical course of the disease is very heterogeneous, changing over the 
course of the years and decades, and cannot be forecast as yet. An early, adequate 
forecasting of the progression of the disease to be expected and recognition of the start 
of a serious progression of the disease in good time are of great importance for the 
patient and the doctor treating the patient, in order to treat the chronic disease, which 
has been incurable up to now, efficiently at least in the early stages and thus to 
decelerate or stop a progression as early as possible. This particularly relates to the 
stoppage of the process of the progredient cartilage and bone destruction. 

Medicinal therapies available at present are effective, albeit frequently connected with 
serious side-effects. This is connected both with the effective mechanism of the medi- 
cations themselves, simultaneous combined administration and the necessity of a life- 
long therapy for years and decades. Currently, combination therapies of 

(a) steroid preparations 

(b) immune suppressiva and cytostatics, so-called disease-modifying anti-rheumatic 
drugs (DMARD, so-called basic therapeutics) and 

(c) non-steroidal anti-inflammatory medications 
are in use. 
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On the heterogeneity nnd pathogenesis ofRA 

RA is a chronically inflammatory disease characterized by a high degree of 
heterogeneity, which affects the pattern of the disease, the capability of reacting to 
therapeutic measures (internal and surgical) and the prognosis of the disease. The 
clinical heterogeneity is associated with a variety of histo-pathological alterations in the 
synovial membrane of the joints affected. This clinical and histo-pathological 
heterogeneity of the disease, combined with insufficient knowledge about aetiology and 
relevant pathogenetic mechanisms, have led to very insufficient treatment results ofRA 
patients up to now. Within the first two years after the on-set of the disease, about one- 
third of the RA patients have to give up their professional activity. In internal 
medicine/rheumatological departments, the share of RA patients is above 50%, in 
institutions of orthopaedic rheumatology even about 75%. The expenditure for long- 
term medicinal therapies and stationary therapeutic measures are above-average. The 
prevalence of the disease amounts to about 1% in the overall population. 

The pathogenetic measures in the joints affected include a chronic inflammation, an ab- 
normal immune response and a hyperplasia of the synovial membrane. The chronically 
inflammatory and hyperplastic synovial membrane invades into neighbouring cartilage 
and bone structures, thus leading to a progredient joint destruction. The clinical end 
point of the disease is decisively determined by the cartilage and bone destruction, 
which lead to a loss of function of the joints and to invalidity. However, the anti-inflam- 
matory therapy currently in the foreground of medical therapies only has a low 
influence on the progression of the cartilage and bone destruction. There are indications 
for the fact that chronic inflammation and progredient cartilage and bone destruction are 
rather to be regarded as two separate pathophysiologic entities in a common 
pathogenetic process. 

Prognostic markers available or known up to now for the progression ofRA 

(1) The currently safest markers used in routing in clinical practice for the progression 
ofRA are systemic inflammation parameters such as the erythrocyte sedimentation 
rate, above all the C-reactive protein (CRP) and, with limitations, other acute-phase 
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proteins. These parameters correlate best with the current acute inflammatory 
activity in the organism and are the decisive parameters for an anti-inflammatory 
therapy. As the systemic chronic inflammation and the progredient joint destruction 
are only conditionally connected with one another pathogenetically, the meaning- 
fulness of these parameters for the prognosis and the progression of the disease is 
very limited overall, in particular for the progredient cartilage and bone destruction. 

(2) The existence of a positive rheumatoid factor is valued as an indicator for a dis- 
turbed immune response. However, it is not specific for RA and the meaningfulness 
for the progression of the disease is limited. 

(3) It is further known that certain patterns of antigens which can be detected on the 
cell surface of lymphocytes and other tissue cells (so-called HLA antigens) are 
associated with more severe course of RA. Due to the large variety of the HLA 
antigens and their various epidemiological distribution, comments on the forecast 
of the RA are only possible in a very limited way. Correlations to the progredient 
joint destruction were not found. 

Reliable prognostic markers of the disease are thus decisive for an early adequate medi- 
cal treatment and the justification of such a therapy with regard to the side-effects also 
to be considered. 

Therefore, the invention was based on the task of finding corresponding reliable para- 
meters and providing corresponding markers which are particularly suited for RA. 

The invention is based on the knowledge that collagenase 3 is involved in the process of 
progredient cartilage and bone destruction. For the progredient cartilage and bone de- 
struction in RA, various proteases, but above all the matrix metalloproteinases (MMPs) 
are responsible, these being able to cleave various components of the extra-cellular ma- 
trix. Collagenase 3 as a representative of the MMP family is of particular interest for the 
cartilage and bone destruction in destructive joint diseases, such as RA. On the one 
hand, collagenase 3 possesses a high catalytic activity towards collagen type II, the 
main' collagen component of hyaline cartilage, compared with other human collagenases 
and other MMFs, and cleaves a broad range of other components of the extra-cellular 
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matrix with high efficiency. On .he other hand, it has been shown <ha, co, agenase 3 can 
„„ ly be detected in adu,t human tissues under pathological conditions, for example m 
the grow* of mahgnan, tumours, in chronic wounds, as well as in arthritic callage and 
in Z synovia, membrane in RA. !t can therefore be presupposed tha, this MMP p,ays a 
decisive role in the progredient cartilage and hone destruction, in particular also m RA, 
due to the substrate specificity and the expression pattern of collagenase 3. 

An increased concentration of various MMPs was detected in the synovial fluid of RA 
patients. However, a correlation to systemic inflammation parameters such as BSG *>d 
CRP was only shown for stromelysin 1. m additton, no correlation was detected be- 
tween the collagenolytic activity in the synovia, fluid and the degree of cartilage and 

bone destruction. 

,» the invention, eoHagenase 3 is used as a prognostic marker in destructive diseases of 
the joints, preferably for the detection of a progression of RA. 



/With n 



<U re gard to the chronic and changing progression of the disease, the determmation o 
colUgenase 3 is used Mh for prognosis in the firs, diagnosis and also for the contro of 
, he progression of me diseases, in order, in.er alia, to recognise the inception of active 
phases of the disease a. an ear,y stage. More serious progressions or more active phases 
of RA mean both a higher inflammatory activity of the patients (measured above all 
with the systemic inflammation paramerers BSG and CRP) as well as, in particular ,n 
mis case, a o.uicker, i.e. more progredient cartilage and bone destruction (measured mter 
atia by the radiological determination of the Larsen mdex, MRT measurements etc.). 

Collagenase 3 is intended for mis both in tissues (synovial membrane preparations, car- 
tilage and bone preparations, preparations of the synovial membrane/cartilage mterface, 
obtained in synovectomies, artificiai join, replacements, inter alia operative tnterven- 
tions, as well as by biopsies) and in body fluids (synovial fluid, blood). 



Preferably, 



the following detenninations of collagenase 3 are carried out: 
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(a) qualitative and quantitative determination of the mRNA expression, inter alia by re- 
verse transcription - polymerase chain reaction (RT-PCR) - analysis, Northern Blot 

analysis, 

(b) qualitative and quantitative determination of collagenase 3 antigen (both as a pro- 
enzyme and also as an activated form), inter alia by Western Blot analysis, 
immunological detection methods etc., 

(c) detection of the catalytic activity of the activated collagenase 3, inter alia by zymo- 
graphy, the detection of specific cleaved peptides etc., 

(d) detection of a disturbed quantitative relationship between collagenase 3 and its spe- 
cific (tissue-specific inhibitors of MMPs) or unspecific inhibitors (a2- 
macroglobulin etc.) by the determination of free collagenase 3 protein and of the 
same bound in complexes with inhibitors, inter alia by Western Blot analysis, 
immunological detection methods etc., 

(e) detection of collagenase 3 mRNA or antigen in histological preparations of the sy- 
novial membrane/cartilage border layer, inter alia by in situ hybridisation or immu- 
no-histochemistry. 

In a further embodiment of the invention, collagenase 3 is also used as a potential mark- 
er for a genetic predisposition for the disease. 

Collagenase 3 can act as a single marker, but can also be evaluated in combination with 
other markers. Further markers can be those of which either a genetic predisposition is 
known or presumed or of which it is at least known that they are frequently associated 
with more severe progressions of the disease (such as certain patterns of HLA antigens, 
for example HLA-DR4 or the rheumatoid factor). 

In combination with other markers, the prognostic meaningfulness both for the progres- 
sion of the disease, in particular under the aspect of the progredient cartilage and bone 
destruction, as well as for the genetic predisposition increases or can obtain a meaning- 
fulness which becomes relevant for clinical practice. 
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In addition, it has been established that collagenase 3 proenzyme is activated by MT1- 
MMP and/or gelatinase A. In almost all cases, an mRNA expression of these two other 
MMPs, membrane type-1 MMP (MT1-MMP) and gelatinase A (MMP-2) takes place at 
the same time as the mRNA expression of collagenase 3 in synovial membrane prepara- 
tions of patients with RA. In combination with collagenase 3, MTl -MMP and gelatinase 
A portray prognostic markers for RA through a determination of their mRNA or protein 
expression, its amount and localisation or its catalytic activity in tissues or body fluids, 
as done for collagenase 3. 

The invention is explained in more detail below on the basis of embodiments of exam- 
pies. 

Results 

Patients 

36 patients with a secured diagnosis of RA in accordance with the diagnosis criteria of 
the American College of Rheumatology of 1987 were included in the examinations. The 
patients were examined clinically and para-clinically. In all patients, the wrist joints 
were affected by the disease. In the patients included in the examinations, a rheumatic 
surgery intervention for the removal of the inflammatory and hyperplastic synovial 
membrane (so-called synovectomy) in one of the wrist joints in each case was 
necessary, in order to retard a progression of the joint destruction and to improve the 
movement capability of the joint. The material removed surgically was both analysed 
histo-pathologically and also used for the preparation of mRNA. The patients were 
attended to with regard to internal treatment in the Clinic of Rheumatology in Berlin- 
Buch and operated in the Orthopaedic Department of the Berlin-Buch Hospital. 

mRNA exore^inn nfcnlhi w ** ? in the synovial membrane preparations 
The mRNA expression of collagenase 3 was examined in the synovial membrane prepa- 
rations of all 36 patients by Northern Blot analysis (Fig. 1). 21 preparations (60%) 
showed an mRNA expression of collagenase 3. As opposed to this, it is known that the 
mRNA expression of other MMPs, such as interstitial collagenase and stromelysin 1 is 
detectable in all synovial membrane preparations (in Fig. 1, only shown for interstitial 
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collagenase). The results of the Northern Blot analysis were confirmed by the 
examinations with the method of the RT-PCR. It was further found that an mRNA ex- 
pression of collagenase 3 in synovial membrane preparations of patients with RA is 
associated in almost all cases with an mRNA co-expression of two other MMPs, 
membrane type-1 MMP (MT1-MMP) and gelatinase A (MMP-2). If an mRNA expres- 
sion of MT1-MMP and gelatinase A was detected in the absence of a collagenase 3 
mRNA expression, its expression level was distinctly lower than in a co-expression with 
collagenase 3 mRNA in the majority of cases. These results were received by Northern 
Blot analysis and with the method of the RT-PCR (results not shown here). 
Figure 1 shows a representative Northern Blot with synovial membrane preparations 
from 6 patients with RA. 25 ul total RNA were loaded in each case. Unlike interstitial 
collagenase, which is expressed in all patients, an mRNA expression of collagenase 3 
can only be detected in some of the RA patients. Human glyceraldehyde-3 -phosphate 
dehydrogenase (GAPDH) is used as a control for the application of equivalent amounts 
of RNA. 

riinical a nd para-cli ™™! parameters 

From Table 1, it can be seen that patients with collagenase 3 mRNA expression in the 
synovial membrane manifest significantly increased systemic BSG (p<0.05) and CRP 
(p<0.005) inflammation markers. There are no differences between the two groups of 
patients with regard to the rheumatoid factor and in the differential haemogram. 
The degree of cartilage and bone destruction was determined radiologically by means of 
the Larsen Index by X-rays of the hand, wrist and foot being examined. Although, on 
the one hand, no significant difference in the degree of bone and cartilage destruction 
was detected between the two groups of patients with a view to the small cohorte of 
patients, it was, on the other hand, conspicuous that 24% of the patient group with 
collagenase 3 mRNA expression in synovial membrane 5 had a time course of the 
disease of less than 2 years, whereas only one patient (7%) in the group without 
collagenase 3 mRNA expression had been suffering for less than 2 years. In addition, 6 
patients (29%) in the group of patients with collagenase 3 mRNA expression had prior 
rheumatic surgery interventions in contrast to only 2 patients (14%) in the group of 
patients without collagenase 3 mRNA expression. 
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Thus, patient, with co.lagenase 3 mRNA expression in the synovial membrane 
a higher systemic inflammatory activity and are subjec.ee to rheumatic surgery tn.er- 
ventions a, a earlier stage (the latter is connected with a more severe progression of the 
arsease and/or with a lower response to medicinal therapies - the second begtn dtscussed 
in the next point) than patients without collagenase 3 mRNA express.on. 



Tab. 1 Clinical and para-clinical parameters of RA patients in relation to collagenase 3 
mRNA expression in the synovial membrane 



Parameter 



Collagenase 3 mRNA expression 



without 



with 



Statistical 
analysis 



Age,years 

Sex (m/f),years 
Length of disease,years 

Haemoglobin,mg/dl 
Leukocyte count 
BSG (ram/h) 
CRP (mg/1) 

Rheumatoid factor positive/ 
Number of patients (%) 



59.6 ±5.6 
(from 32 to 81) 
3/12 

11.3 ±3.1 

8.3 ± 0.4 
9.3 ± 1.1 
27.0 ±5.0 
9.2 ± 2.7 

9/15 (60%) 



58.6 ±4.9 
(from 28 to 83) 
3/18 

10.9 ±1.8 

7.8 ±0.3 
10.3 ±0.7 
39.0 ±5.4 
30.9 ± 6.0 

14/21 (66%) 



n.s. 
n.s. 
n.s. 

n.s. 
n.s. 

p < 0.05 
P y 0.005 

n.s. 



\AoAirinnl themDV 

in accordance with the higher systemic inflammation activtty in patterns wth collagen- 
ase 3 mRNA expression in the synovia, membrane, the latter was treated more fre,uent- 
ly with Prednisolon (Fig. 2A). In addition, 15 patients (71%) with coUagenase mRNA 
expression in the synovial membrane were receiving a. leas, 5 mg/m. Predmsolon as 
compared with 7 patients (47%) without collagenase 3 tnRNA expression a, the tune of 
the synovectomy. Therapy with DMARD was carried out as single drug therapy. 
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DMARD were prescribed and changed in the following order (matching the ag- 
gressiveness of their effect): Chloroquin (250 mg/d), Sulfasalazin (2 g/d), Methotrexat 
(15-20 mg/week), gold sodium thiomalate (50 mg/week) and Azathioprin (2 mg/kg/d). 
As shown in Fig. 2A, patients with collagenase 3 mRNA expression in the synovial 
membrane were treated more frequently with DMARD. In addition, the DMARD had to 
be changed more frequently due to a lack of efficacy in patients with collagenase 3 
mRNA expression in the synovial membrane (Fig. 2B). In both groups of patients, the 
DMARD had to be changed for two patients per group due to side-effects. 

Thus, patients with collagenase 3 mRNA expression in the synovial membrane were 
treated more aggressively with medications and were more resistant to an effective 
medical treatment. The latter possibly also led to an earlier necessity of a rheumatism- 
surgery intervention. 

Rheumatological family anamnesis with regard to RA 

In the collagenase 3 positive group of patients, 10 of 19 patients (48%) manifested a po- 
sitive family anamnesis. In the patient group without collagenase 3 mRNA expression 
in the synovial membrane, on the other hand, members of the family of only three of 14 
cases (20%) suffered from RA (Fig. 3). No information was obtained from a total of 
three patients. Thus, the accumulation of a positive family anamnesis in the patient 
group with a collagenase 3 mRNA expression in the synovial membrane is conspicuous. 



